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ABSTRACT 
This is a, study to show that by using a chemical 
treating process on ophthalmic lenses, the relative impact 
resistance of these lenses, can be maintained using much 
thinner lenses than if a heat treating method were used. 
All the lenses used in this study were thinner than 2.2mrn 
center thickness and were tested by the standard drop test. 
�· . 
The study contains a review of the related literature and 
recommendations for further study. 
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PREFACE 
The importance of imract resistant lenses is directly related 
t.o the prevention of eye injuries and also blindness, It should 
be pointed out that only about two percent of the causes of blind­
ness are due to ocular injuries.1 But, even more significant is the 
fact that broken $pectacles are one of the lesser ca.uses of injuries, 
Furthermore, many accidents which have caused eye injuries could 
have been prevented had spectacles been worn, Thus, impact treated 
lenses are an improvement over the non-treated lenses in eye safety 
but not a process of removing a hazardous product, The non-treated 
lenses themselves provide a. great deal of protection. 
Another impe�tant consideration is the type of support the 
lenses are given, A lens put under stress in a frame loses some of 
its impa.ct resistance. Thus, ideally, each and every spectacle 
should be checked at the time of dispensing for stress induced by 
the frame. But, in a study by Bausch and Lomb Company,2 all lenses 
tested while in a frame a.nd supported by the frame withstood im:i;acts 
of twice the minimum requirement. This indicates that the weakening 
cf the lens by stress factors is more tha.� compensated for by the 
type of support the frame provides, 
1J, K. Davis, "Variables Affecting the Impact Resis+..a.nce of 
Glass Ophthalmic Lenses". American Optical Corp::>ration, 
Janua,.,.-y, 1972. 
2Ibi':!_. 
Introduction: 
When the Food and nt-ug Administration released the new impact 
resis�ce standards in January of 1972, a series of events took 
place which affected all aspects of the ophthalmic glass industry 
in this country. Much has been written both for and against this 
proposal since that time. It is the purpose of this study to 
review some of the facts relating to creating impact-resistance 
eye wear. We also hope to show tha. t the chemical treatment :method 
produces a stronger ophthalmic lens than the current heat treating 
method. This study will attempt to show that by using chemical 
hardening and a much thinner lens than 2�2:mrn thickness, the mini­
mum requirement of impact resistance to the drop ball can be 
maintained. 
Review o:f the Literature: 
--
The Mechanical Properties of Glass 
Glass has mechanical properties which are very unique as 
compared to other materials in common use today. It is identified 
as a. super-cooled liquid which has no long range order on the 
atomic level . The most common glass used in ophthalmic spectacles 
1s called crown glass and is composea. of a mixture of metal oxides, 
predominantly s1o2• Glass is not ductile like metals and that means 
it will not de:form into different shapes. But glass is elastic and 
will bend until the breaking point is reached. It is also h!ghly 
variable in its strength; a sample of le."lses, all from the same 
ba. tch. niay vary tenfold in its break strengths. The strength of 
O'Phtbalmic lenses is mainly a. functio:n of the surface structure 
and its sbap". PhillipsJ showed that surface flaws weaken the 
strength of glass by concentrating the stress over a small area, 
and thus will produce a fracture with a relatively small load. 
Treating a lens to create a compression layer does not eliminate 
the flaws, but if the compression layer extends below most of the 
flaws, then the effect of the flaws will be minimized. 
Since the passage of the new FDA law there have been several 
reports of spontaneous breakage of lenses, 4 One report estimates 
that 60,000 people in the United States will have one or more of 
their heat treated lenses spontaneously break this year. 
Jc. J. :Phillips, "The Strength and Weakness of Brittle 
Materials", American Scientist, 53(1), 20 (1965). 
4 H. Moss, "Sponta..'leous Breakage of Heat-Treated Lenses" 
�· Journal and Review of Optomet;y, Vol. 110 (January 15, 
4 
The spontaneous breakage of heat treated lenses is attributed 
to scratches and pi ts tr.at penet:ra. te the compression layer 
(about ,015 - .020 mm) of the surface. These erosions release the 
stress force and the lens breaks spontaneously from a slight mechanical or 
thermal jar, impa..rt:OO, to the lens. Chase5 says that chemically treated 
lenses will not break in this manner. Since the compression forces are 
much lower in the chemically treated lens, a scratch that penetrates the 
stress surface will result in a slow era.eking of the lens with no ex-
ploding particles . 
Me.cbanical :properties under impact vary greatly with the type of 
:missile used to strike the surface. It ls the chara.cter of the back 
surface that controls the impact resistance to large mi.ssiles, When 
a smaller& high velocity missile is used, the impact resistance is 
more dependent on the front sur:face. 6 
Methods of Strengthening Glass 
Since any pits, flaws or scratches in the surface �eatly affect 
1�p;!.ct resistance, it is evident that removal of these flaws would 
make the glass stronger. One such technique is acid etching. 
Proctor7 has reported. increased strengths using this method, but it 
is difficult to maintain the surfaces without some type of' protective 
coating. 
5George Chase, "Impact-Resistance of Ophthalmic Lenses", 
Optical Journal and Review of Ot:i"tomet:cy, Vol. 109 (September 1, 
197.2). 
6rbid, 
-
7B� Proctor, "The Effects of Hydrofluoric Acid Etching 
on the Strength of Glasses", Physics and Chemistry of Glasses, 
3 (1), 7 (1962). 
5 
Another approach is to place the glass under the presence 
of tensile stresses. So by placing the surface of the glass under 
compression, it tends to make it stronger tba..n annealed or regular 
glass. 
Thermal or heat tempering is one such process. The glass is 
heated to the softening point and then rapidly cooled by a stream 
of air. There are two different types of air jets used in this 
cooling process. One is a concentrated jet of air centered on the 
center of the lens and the oth�r is a diffuse jet of air over the 
whole lens being cooled. The concentrated jet produces a higher 
compre5sion area. near the center of the lens a.nd a. lesser compression 
area surrounding it. The diffuse jet creates a more uniform com­
pression layer but one in general does not have as high a compression 
at the lena center as the concentrated. jet type. The amount and 
rate of cooling affect how much permanent stress is built into the 
glass. This stress is built up by the faster cooling of the outside 
surfaces, as compared to tha interior. Theoretically, the thickness 
of tne glass should not present a problem, but practically it does 
and ·Harping will result if too thin a lens is used. About 2 mm of 
thickness is the lower limit of thermally treating a lens. Com:pa.red 
to regular or a:n.llealed. glass, thermally tempered ].ens�s a.re two tc 
three times as strong. 
Chemical strengthening utilizes the same general technique, but 
places the stress-into the lens in a different way. The process of 
ch�mically hardening a lens has been around for about fifteen yea.rs, 
but not until FDA regulations has it become more widely used. The 
process utilizes a type of ionic exchange reaction where large ions 
6 
a.:re exchanged :f'or small ions on the surface of the glass and a 
stress compression is fonned. Thus potassiwn ions can be exchanged 
with sodium or lithium ions. The exchange takes place in a molten 
salt 'bath media at temperatures between 350 degrees to 500 degrees 
Centigrade. The :process of excr.ange is slow and 1 t takes about 
sixteen hom-s to develop the proper compression levels. nothing 
at present can be done to speed up tha process. Beeause this i:cro-
cess occu-rs below the strain point of the glass, there is no problem 
with war:paga and lenses as thin as 0,5 mm ha.ve readily been strength• 
e..'led. The chemically treated glass lens is about five to ten times 
as atrong as regular annealed glass.8 The chemically tre?ted lens 
can be resu:rfaced.8 re-edged, etc., but it must be re-chemically 
treated again. 
The compression of' a chemically treated l ens is more uniform 
than a heat treated lens and more compression can be obtained by 
the chemically treated materials. Also, the heat cycle, he:i.t trans-
mission properties, and cooling cycle of the lens all enter into the 
precess of heat tempering. Thus, the heat treating method has a lot 
of variables that do not come into :play as com:i;ared with the chemical 
treating process.9 
Chase also gives the following desirable attributes or a..'1. im:r:act 
resistance lens: 
1) 
2) 
:3) 
�� 
It should be as light a.s :possible. 
It should have missile rejection qualities over a wide 
range of occupi.tional and recreational 1'..aza.rde. 
It should have first quality optics. 
It should be economically feasible to manufacture. 
It should retain high levels of impact resistance over 
1 ts entire useful life • .  
6) It should be scratch resistant. 
Bcnase, Ibid. 
9 Gha.se, G., Kozlowski, T., Krause, R. "Chemical Strengthening 
of O:phtbaL"liC Lenses". Repri..11-t. (January 6, 1972). 
7 
As ba.s been previously pointed out, the relative strengthe of lenses 
in the same "batch can vary greatly, 10 One study showed that in a 
heat. treated lens the type of thermal unit used is also very 
important. In this study a group of dress safety lenses were ordered 
from various laboratories using different equipment. These lenses 
were then subjected to the drop ball test and thirty percent of them 
broke. It was also shown that the pattern seen under the :pola.rscope 
could be L'l'ldicative of the relative imi;act resistance of the lens. 
There is no known way of testing chemically treated lenses to see 
if they are chemically treated., let a.lone if they are treated 
properly. Thus, heat treated lenses have an advanta.&e over chem-
ically treated lenses ip this respect. The lenses that were 
mou..�ted with excess stress from the frame were more likely to fail 
the drop ball test, when supported. by the lens and not by the frai11e. 
Most studies shcn; that irrespective of strengthenir)g mode or 
material, :plus power lenses are more impact resistant than pl.a.no 
11 or minus lenses. A study done in Australia. found almost no 
difference between heat vs. non-heat treated lenses with rega.:rd 
to small, high velocity missiles. They alse found that plastic 
lenses showed bett·er resistance to small missiles, but lowered. 
blunt. object missiles resistance. No difference was found with 
. l? regard to the base curve of the lenses tested, -
10 - . Dowa.llby, Palmer, V1Durhaes, "Glass Safety Lenses", American 
Zournal of Optometrz, Vol. 49 (Februaxyf 1972). 
lL �. Wigglesworth, ''A Comi:arative Assessment of Eye Protective 
Devices and a Proposed System of Acceptance a."ld Grading", American 
Journal or Optometr:x:,, Volo 49 (April, 1972). 
12n.. "· I, id �v ... s, _o_. _. 
8 
One of the local labs that is currently using the chemical 
treating method Has interviewed to find out what kind of success they 
were having. They reported that the results were highly variable, 
and at present it was costing them more to chemically harden a 
lens than to use the heat treating method. This was attributed 
to the fa.ct that some batches didn't take the- process well, and 
almost all of the lenses would fail the drop ball test. But they 
also :pointed out that if the flaws and variations in the chemical 
process could be figo..ired out, the price would actually be lower than 
the heat treating process. 
Lens Breakage and Ocular Injuries 
Injury to the eye is mainly attributed to two types of accidents: 
(1) Contusions - These are ca.used by large blunt objects and (2) Pen­
etrations - These are caused by large sharp objects or small, high 
velocity :particles. 
We know that the im.ract resistance of a lens varies with its 
thickness, with the way it is su:pporteQ.,.the type of missiles 
inflicting the imi:act, and its unknown history of production. var­
iation. Thus, there is no clear cut line of what is best and wmt 
will always do the job intended. But, rather, we deal with pro'OO.­
billties 0£ what will usually happen. The problem is to find out 
what substance is best suited to protect against all types of 
objects encounter�. 
Chemical Trea tor . 
EQUIPMENT 
9 
The unit used in this study to chemically treat the lenses "Was 
a Kirk Tempering Instrument, manufactured by Kirk Optical Lens, Co. 
Inc. of New York. (see below) 
£l • llldl/ • 
The lenses were treated in l:e.tches of twelve a.t a time by the unit. 
The total process required siXteen hours in the pota.saiUll nitrate 
salt lath at 440° c. At the end of the treatment period, the lens 
l:asket was automatically relllQVed from. the bath. The dried salt 
compound residue left on the lenses was easily removed by placing 
the basket in hot water, The only precaution in using the instru­
ment was to keep water away from the molten salt ba.th to a.v-0id 
splattering and explOOing of the mixture. 
10 
Drop Ball Tester 
The drop ba.11 testing unit was set up according to the FDA 
regulations and the zao.1 standards. The ball was 5/8'' in diameter 
and weighed .56 ounces. The drop height was .50 inches and the ba.ll 
was not restricted in it's fall, A plastic shield above the base 
controlled the position of the imJact within a 5/8" diameter circle 
1n the center of the lens. 
To pass the test the lens must not :f"ra.cture or break, and no 
lens materia.l visible to the naked eye should be detached from. the 
surface. 
The lenses were supported by a 1 1/4" wooden tube with a 1/8'' 
neoprene ga.sget. 
SL HIV • 
11 
Lenses 
Other studies :have shown t1'.at plus-powered lenses a.re more 
im:i;act resistant than plano or minus lenses. For this reasen, we 
used. only minus lenses so that our results would show a minimum 
resistant to 1.�:pact, We also decided to use sphereocylinder lenses 
since in most other studies only spherical lenses were �ested.. The 
powers varied from -.25 to -5.25 with cylind� from +:25 to -i-2,00 
diopters. 'rhe thicknesses were measured. with a stand.a.rd lens 
caliper a.nd ra...'1ged from l, lmm to l. ?mm of center thickness, Since 
today's fashions are calling for larger frame sizes, we used a. 
standard blank size of 58mm for all the test lenses. The lenses 
were left in the finished blank ferm. and no cu·t-.ting or edging treat-
ments were :performed on them. 
12 
PROCEDURES AND METHODS 
A preliminary pilot study was first run to determine where the 
breakage thickness would. be. In this group of 12 treated lenses 
ranging from .9mm to 2.lmm center thickness in . lmm steps, only 
those lenses below l.2mm of C.T. broke under the drop ball testing. 
The powers used were between -2.00 and -4.00 diopters. 
After the ori tical breakage thickness ·Has deter.mined, we used 
a larger sample of lenses ranging in thickness from l.lnun to l.?mm 
d.T. The powers and thicknesses a.re listed in Tables I.- VII. 
Each lens was then subjected to the stand.a.rd drop ball test as 
described earlier. The results of the tests were recorded fo:r each 
lens. 
lJ 
DISCUSSION OF RESUL� 
The results from the drop ball tests appear on the graph on 
Page 1.5. The data shows that the critical center thicimess appears 
to be between 1.2 and i.4mm. All the lenses in 1.1.mm sample broke 
under the stand.a.rd drop ball test. 
The api:arent higher percentage of breakage in the 1.) thick­
ness range was affected by one sample tl"t.at had a large number of 
broken lenses. It can be seen from the graph tha.t if this sample 
was :removed, only 17% breakage occ�-red. The high percentage in 
this sample (66%) appears to be a random variation that 1s typical 
of the chemical treating process as reported by the local Jabs we 
interviewed. 
The random break percentage can also be attributed to the 
inherent characteristics of glass and the flaws present in its 
structure. 
The type of breakage found can be seen in the photographs 
on Page 16. We found that the typical chemical treated lenses 
breakage appears similar to the heat treated lens wi.th regard to 
the larger pieces, but the Slll&ller pieces are quite different. 
Tha small :particles of the chemical treated. lenses are fine 
splinters where in a heat treated lens the particles are fine 
and powdery. 
14 
.CONCWSION AND SUGGESTIONS 
This study has shown that by using the chemical treating pro­
Ce$s, lenses thinner than 2.2mm C.T. can be made that will pa.ss 
the sta.ndard drop ba.11 test. This suggests lenses can be produced 
that would be lighter, thinner, more cosmetically pleasing and yet 
still provide adequate im.i:e.ct resistance. 
But some other questions have also been raised that need to 
be considered. Some of these ares 1) Does chemical hardening 
produce a potentially more dangerous lens because of the type of 
breakage produced? 2) What is the imre.ct resistance of a chemically 
treated lens to small high ve1oci ty particles? ) ) �'hat causes the 
random variation of strengths between different batches? 4) ijow 
does one determine if a lens has been chemically hardened? Until 
these questions have been answered., the worth of this process cannot 
be fully evaluated. But with more study in this area, it appears 
hopeful that the chemical. method of hardening ophthalmic lenses 
can produce a stronger and safer lens than other methods being used 
today. 
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Chemically Treated Lens Unhardened Lens (Broken) 
Heat Treated Lens (Broken)· · 
Pon er 
1. -J.;50 +7.5 
2. -).SO -P?.5 
3. -4.00 +75 
4. -4.25 i15 
5, -4.oo "'15 
6. -4. 75 +1.00 
7. -2 • .50 +l. 00 
8. -J.00 +l.00 
9. -4.oo +1.50 
10� -4.50 +l.00 
DATA SJOO.""'TS 
I 
Central Thickness 1.1 mm 
Drop Ball 'l'est 
Passed Failed 
x 
x 
x 
x 
x 
x 
x 
x 
l 
x 
Break Percentages 100% 
17 
18 
Central TnicY.ness 1.2 
II 
Power Drop Ball Test 
Passed Failed 
1. -4.50 -P75 x 
2. -4. 75 -115 x 
J. -J.50 i?.5 x 
4. -5. 00 +l.OO x 
.5. -4. 75 +1.00 x 
6, -.5. 00 +l. 00 x 
7. -4 • .50 -+'75 x 
a. -3 . .50 -+7.5 x 
9. -4.oo +i.oo x 
10. -4.25 -1-75 x 
11, -5.25 +75 x. 
12. -4. 25 +l.50 x. 
lJ. -5.00 +l.50 x 
14. -5.00 +l.50 ·x 
15. -4.25 +1.00 x 
16� -4.25 715 x 
1(. -5.25 -1-?5 x 
18. -5. 25 f?.5 x 
19. -5. 25 +7.5 x 
20. -2. 75 if5 x 
21. -). 00 +1. 00 x 
Break Percentage 19. J..,% 
19 
Central 1.J rn.� Thickness 
III 
Po;;er 
Passed Failed 
1. -4.50 +l.00 x 
2. -4.25 +1.00 x 
J. -2. 75 +1. 00 x 
4. -J , 00 -l-75 x 
5, -5.00 -f?.5 x 
6. -2.25 +1.00 x 
7. -2.25 +l.00 x 
8. -2.50 +1.25 x 
9. -2. 50 +l'. 25 x 
10. -2.50 +1 .. 25 x 
11. -2.50 +1.25 x 
12. -2 • .50 +1.25 x 
lJ. -2.50 +l.25 x 
14. -2. 50 +1�25 x 
15. -3.00 +1.25 x 
16. -3. 00 +l.25 x 
17. -2.50 +l.25 x 
18. -2. 75 + .25 x 
19. -2.75 + . 25 x 
20. -2� 75 + .25 x 
21. -2.75 + .25 x 
22. -J. 00 + .25 x -
23. -J.00+ .25 x 
24. -J . 00 + .25 x 
2.5. -2. 50 +1. 00 x 
26. -2.50 +1.00 x 
27. -2.50 +1.00 x 
28. -2. 7.5 +1. 00 x 
29. -2. 75 +1. 00 x 
Break Percentage 42.8% 
Power 
1. -2 . 00 +. 75 
2. -2.25 +,75 
). -s.oo +. 75 
4. -4.75 +,75 
5. -1. 75 +. 75 
6. -3.00 +1.00 
7. -2.75 +l.00 
a. -J.00 +1.00 
9. -3. 7.5 +. 75 
10, -J.00 +.75 
ii. -1. 75 +, 75 
12. -4. 2.5 +1. 00 
13. -J. 75 +. 75 
14. -2. 75 .....  75 
is. -3.75 +.75 
16. -2 •. 25 +. 75 
17. -2. 25 +. 75 
18. -2.25 +. 75 
19, -2. 75 +, 75 
20. _-2. 75 +. 75 
21. -2.00 +. 75 
22. -2.25 +,75 
Central Thickness ·1.4 mm 
IV 
Passed 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
Failed 
x 
Break Percentage 4,5% 
20 
Power 
1. 
-3 . 50 + .75 
2. -2. 00 +l. 00 
3. -1. 75 + .  ?5 
4. -J
. 50 -tz.00 
5. -3.50 + . 75 
6. -2.00 +1.00 
7. -2. 2.5 +I, 50 
8. -1.7.5 + .25 
9. -2.00 + ,25 
10. -2. 00 +1. 00 
11, -2.00 +1.00 
12. -2. 00 +1. 00 
Center Thickness 1. 5 rnm 
v 
Passed 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
Failed 
Break Pe:rceritage ... OJ� 
21 
Power 
I. -1.25 +l.00 
2, -1.25 +1.00 
'· .. 1.00 + .25 
4. -2.75 -12.00 
5. -2.75 -1-2.00 
6 .. -3.50 -i'Z.00 
7. .... 1.25 + . 75 
8. -1.7.5 +L 00 
9. -2.00 + ,75 
10. -1. 50 +1.00 
I"' ...!.., -1.50 +l.OO 
l2. -1.50 +l.00 
Center Thickness 1.6 mm 
YI 
Passed 
x 
x 
x 
v A 
x 
x 
x 
x 
x 
x 
x 
:x. 
22 
F'ailed 
Power 
1. -1 • .50 +l. 00 
2. -1.50 +1.00 
,, -2.50 +1. 75 
4. -3. 25 +1.00 
5. -1. 75 +1.50 
6. -1 • .50 +l, .50 
7. -
• 50 + • 37 
8. -1. 75 + • 75 
'· -5. 00 + • 75 
10. -J.00 + • 75 
Cent..-ral Thickness l. 7 mm 
VII 
Passed 
x 
x 
x 
x 
x 
x 
x 
x 
x 
X· 
Failed 
Break Percentage = 0 
2:3 
24 
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